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Description

[0001] The present invention is inherent to a novel and
improved camera module autofocus (AF) actuator incor-
porating a shape memory alloy (SMA) wire as actuating
element, with particular reference to cellular phones cam-
era modules, and to a control method thereof.
[0002] Generally speaking the use of shape memory
alloy wires as actuating elements provides various ad-
vantages with respect to other actuating systems in terms
of weight, power consumption, costs.
[0003] These advantages have already been recog-
nized also in the field of camera modules and have been
the subject of various patent applications, such as inter-
national patent applications WO 2007/113478, WO
2011/122438 and US patent 8159762, corresponding to
US 2011/0091193 A1, all describing camera modules
with a shape memory alloy wire in contact with the lens
holder (sometimes referred in the field as lens barrel) and
fixed to the camera module housing. The controlled heat-
ing via Joule effect of the shape memory alloy wire caus-
es its contraction and the movement of the lens holder
with respect to the housing.
[0004] The two above-referenced international patent
applications do not address the frictional phenomena be-
tween housing and lens barrel and the related problems
in terms of actuator lifetime, while this aspect is instead
tagged in US patent 8159762 by means of rolling mem-
bers interposed between the housing and the barrel and
an oblique return spring exerting a force with a compo-
nent perpendicular to the optical axis to ensure the con-
tact between the rolling members and the lens barrel.
Even though this solution is an improvement in terms of
frictional force management, this significant and constant
perpendicular component causes itself a stress on the
structure, and in frequently used actuating systems, such
as in a camera module AF, it may lead to premature fail-
ures or to compensate by using upgraded components,
for example by using wires bigger than required. On the
other hand, the presence of this force component per-
pendicular to the optical axis is a prominent feature of
this prior art actuator, to the point that it is contained in
the characterizing portion of the independent claim of US
8159762. Another drawback is associated to the manu-
facturing of such mechanical structures, as they cannot
be made by adding the elements on top of each other
but require the making and reciprocal coupling of sub-
assemblies.
[0005] Purpose of the present invention is to overcome
the drawback still present in the known art in terms of
dealing with the frictional forces in a SMA-based autofo-
cus actuator, and in a first aspect thereof consists in a
camera module autofocus actuator as defined in inde-
pendent claim 1 and comprising:

- a housing,
- a movable lens carrier having a protrusion with an

apex for lodging a shape memory alloy wire,

- a shape memory alloy wire,
- at least four rolling spheres,
- a bottom plate,
- two electric terminals at a different height with re-

spect to the protrusion apex,
- a return elastic element,

and in which camera module autofocus actuator
- the bottom plate and the housing are fixed to each

other, defining an autofocus main body,
- the two electric terminals are fixed onto the autofocus

main body,
- the shape memory alloy wire is in contact with the

lens carrier protrusion apex so as to exert a force on
the movable lens carrier in a direction parallel to the
optical axis thereof and its extremities are locked to
the two electric terminals on the autofocus main
body,

- the housing and the movable lens carrier are aligned
via at least two side channels defining at least two
guide channels containing and holding the rolling
spheres,

- the return elastic element is mounted between the
housing and the lens carrier,

the return elastic element exerting a force on the movable
lens carrier only in a direction parallel to the optical axis
thereof, opposing the force of the shape memory alloy
wire on the movable lens carrier.
[0006] The invention in a second aspect consists in a
control method for a camera module autofocus actuator
as defined in independent claim 14.
[0007] As per above description, the two electric ter-
minals are fixed and held to the main body (housing +
bottom plate) and therefore these elements may be
equivalently fixed onto the housing or onto the bottom
plate, notwithstanding the requirement of being at a dif-
ferent height with respect to the lens carrier protrusion
apex.
[0008] One of the most common variants for a camera
module AF actuator according to the present invention
envisions the presence of a Flexible Printed Circuit board
(FPC) that jointly with a magnet and a Hall sensor pro-
vides information about the lens carrier displacement and
position. It is to be underlined that such elements are
optional, since other equivalent technical solutions may
be employed, such as a resistance feedback of the shape
memory alloy, as described for example in the interna-
tional patent application number WO 2008/099156.
[0009] The invention will be further illustrated with the
help of the following figures, where:

• Figures 1 and 2 are vertically exploded perspective
views of the elements constituting an AF actuator
according to a first embodiment of the present inven-
tion;

• Figure 3 is a front see-through view of the AF actuator
of figures 1 and 2 in the assembled condition;

• Figure 4 is a sectional view from above of the AF
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actuator of figure 3;
• Figure 5 is a sectional view from above of a preferred

variant for the AF actuator of figure 3;
• Figure 6 is a vertically exploded perspective view of

the elements constituting an AF actuator according
to a second embodiment of the present invention,
with an enlarged detail of one of said elements;

• Figure 7 is a bottom view of the AF actuator of figure
6, without the top and bottom elements, in the as-
sembled condition;

• Figure 8 is a bottom perspective view of the AF ac-
tuator of figure 7;

• Figure 9 is a top view of a preferred variant for the
AF actuator of figure 7;

• Figure 10 is a see-through view of the AF actuator
of figure 9 along the direction of arrow A; and

• Figures 11 and 12 are enlarged partial views of the
AF actuator of figure 9 along the direction of arrow
A, showing the detail of the rolling members in the
two extreme AF actuator positions.

[0010] In the above figures the dimensions and dimen-
sional ratio of the elements may not be correct and in
some cases, such as for example with regards to the
shape memory alloy wire diameter, have been altered in
order to enhance the drawing comprehension.
[0011] Perspective views of the elements incorporated
in a first embodiment of an AF actuator 10 according to
the present invention are shown in figures 1 (front view)
and 2 (side view). In this representation the elements are
vertically separated to allow their identification. In partic-
ular the AF actuator 10 comprises a shield can 11, a
housing 12, a return spring 13, two sets of rolling spheres
14, a movable lens carrier 15, a magnet 16, a shape
memory alloy wire 17, two terminals 18, a bottom plate
19, a Flexible Printed Circuit board (FPC) 191, a Hall
sensor 192.
[0012] The movable lens carrier 15 presents a frontal
protrusion 20 for housing the shape memory alloy wire
17, in this case the protrusion has a lower apex 21 and
the shape memory alloy wire 17 is held beneath it by the
restraint action made by the two terminals 18, placed at
a higher height (along the optical axis). A variant envi-
sions the use of an upper apex with the shape memory
alloy wire held above it and the terminals placed at a
lower height.
[0013] Housing 12 and movable lens carrier 15 have
side channels 100, 100’, 101, 101’ vertically aligned in
pairs 100-101 and 100’-101’ and defining two guide chan-
nels for holding the spheres 14. These elements have
been indicated in the perspective views of figures 1 and
2, and side channels 100-100’ on housing 12 are well
recognizable in the view from above (see following Fig.4).
[0014] The AF structure shown in figures 1 and 2 com-
prises elements, such as a magnet 16 and a Hall sensor
192 for detecting the position of the movable lens carrier
15, that are entirely optional even though they are rep-
resentative of the preferred embodiment of an AF actu-

ator according to the present invention.
[0015] Figure 3 shows a front see-through view of the
assembled actuator 10 that comprises magnet 16 with
an indication of its North-South polarity and a preferred
configuration for the return spring 13, in the form of a leaf
spring with rounded contact points 131 in order to exert
a distributed force on the lens carrier 15.
[0016] In the rest condition the actuator is in the so-
called infinity focus position; when the shape memory
alloy wire 17 is heated by current passage it shortens
and exerts a force onto lens carrier 15 moving it upwards
such that the lens is focused up to the so-called macro
position (i.e. focusing on a nearby plane). When the cur-
rent supply stops, the return elastic element 13 exerting
a vertical return force opposing the SMA traction pushes
back the lens carrier 15 to the infinity position. Infinity and
macro represent the two AF extreme position and there-
fore correspond to the amount of adjustment that the AF
actuator shall be capable to achieve.
[0017] A position sensor and readout are also present
to determine the correct equilibrium position during the
AF actuator operation, also in this case exemplified by
magnet 16 anchored to the lens carrier 15 and the Hall
sensor 192 attached to the FPC board 191 (figure 2).
The FPC board will provide current to the SMA wire 17
through terminals 18 for its activation via Joule effect ac-
cording to the Hall sensor readout.
[0018] It is important to underline that with the AF ac-
tuator configuration according to the first embodiment of
the present invention the return elastic means 13 exerts
a force only in the vertical direction, and it is the geometry
of the AF actuator that ensures the spheres alignment
and confinement in the guide channels.
[0019] As mentioned with regards to figures 1 and 2,
also the reciprocal configuration may be suitably em-
ployed, i.e. upper apex and lower terminals; in this case
the return elastic element is beneath the lens carrier as
the shape memory alloy wire will exert a downward trac-
tion (up-down direction defined with respect to the lowest
element of the actuator, i.e. the bottom plate). In this case
the rest position corresponds to macro, while the fully
activated position corresponds to infinity.
[0020] Figure 4 shows a sectional view from above of
the actuator depicted in figure 3, while figure 5 shows a
preferred variant of the actuator in which the frontal pro-
trusion 30 of the lens carrier 15 includes an apex 31 pro-
viding a slight offsetting, perpendicularly to the optical
axis and radially outwards, between the shape memory
alloy wire and the terminals, so that they do not to lie in
a same vertical plane parallel to the optical axis. In other
words, protrusion 30 is shaped such that the SMA wire
follows a V-shaped path not only in the vertical plane
(Fig.3) but also in the horizontal plane (Fig.5) so as to
exert a traction, upon activation, not only in the up-down
direction but also in the front-rear direction.
[0021] With such a horizontal angle the rolling spheres
14 will be put in the best operating condition and subject-
ed also to a minimal orthogonal (with respect to the optical
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axis) force. This configuration to a certain extent and by
an operative standpoint is the opposite with respect to
the one shown in the above-referenced patent US
8159762 as in this case it is the SMA wire that exerts the
force in the direction orthogonal to the optical axis and
not the return spring. Moreover, such an orthogonal com-
ponent is minimal and exerted only when needed, i.e.
during the AF activation, and not permanently as in the
case of a transversal pulling by the elastic return means
in the prior art.
[0022] The AF actuator according to the present inven-
tion is not restricted to a specific type of shape memory
alloy wires, but any shape memory alloy wires activated
by Joule effect may be usefully employed. Having said
that, preferred is the use of shape memory alloy wires
made with Ni-Ti alloys widely known in the field with the
name of Nitinol, with diameters ranging from 10 mm to
50 mm and commercially available from a variety of sourc-
es, for examples the wires sold under the trade name
Smartflex by SAES Getters S.p.A., of particular prefer-
ence is the use of 25 mm wires.
[0023] With regards to the material of the spheres,
there is no specific requirement apart from using a ma-
terial with sufficient hardness, such as ceramic or metal
(preferred stainless steel). As to the number of spheres,
preferred is the use of the same number of spheres in
each of the two guide channels, with a number of at least
2 spheres per channel. Preferably the number of spheres
per channel is not higher than 5.
[0024] With regards to the spheres diameter, it is pref-
erably comprised between 30 and 150 mm, most prefer-
ably comprised between 40 and 60 mm.
[0025] In the embodiment envisioning the use of an
offsetting protrusion apex 31, the latter moves the shape
memory alloy wire median point far away from the optical
axis by a distance comprised between 0,3 and 1 mm.
[0026] A second embodiment 60 of an AF actuator ac-
cording to the present invention is shown in the exploded
view of figure 6, with elements corresponding to the el-
ements of the first embodiment that are indicated by cor-
respondingly numbered references. In particular the AF
actuator 60 comprises a shield can 61, a housing 62, a
return spring 63, two sets of rolling spheres 64, a movable
lens carrier 65, a magnet 66, a shape memory alloy wire
67, two terminals 68, 68’, a bottom plate 69 and a Flexible
Printed Circuit board (FPC) 691 carrying a Hall sensor
692.
[0027] Some of the distinguishing features of this em-
bodiment with respect to the embodiment shown in fig-
ures 1 and 2 are in particular the shape of housing 62
and of the lens carrier 65, with terminals 68, 68’ connect-
ed onto two adjacent faces thereof and a protrusion 70
formed on the lens carrier 65 in correspondence with a
corner of housing 62. Similarly, as clearly shown in fig-
ures 7 and 8, the guide channels for holding the spheres
64 are formed on the sides of the corner protrusion 70,
which is also provided with an apex 71 for holding the
SMA wire 67.

[0028] Another difference in this second embodiment
is the presence of a so-called flexure 600, i.e. a thin el-
ement made of an elastic metallic material (e.g. steel,
copper, bronze), arranged between the lens carrier 65
and the bottom plate 69. As better shown in the enlarged
detail of Fig.6, flexure 600 has a substantially semi-cir-
cular shape with end portions 601 that are bent over out-
wards and a middle portion 602 with a rectangular en-
largement projecting outwards.
[0029] Both the end and middle portions 601 and 602
include holes for connecting flexure 600 to housing 62
and lens carrier 65 respectively, as shown in figures 7
and 8. More specifically, flexure 600 is connected to
housing 62 through two pins 601’ that are formed on the
bottom thereof, close to the two corners adjacent to the
lens carrier protrusion 70, and which engage correspond-
ing holes formed in the end portions 601. Similarly, flex-
ure 600 is also connected to the lens carrier 65 through
a third connection point at the flexure middle portion 602,
where a pair of holes allow the rectangular enlargement
to be fitted on corresponding pins 602’ formed on the
bottom of the lens carrier protrusion 70.
[0030] More details on the flexure and its presence in
an AF module controlled by a shape memory alloy wire
can be found in the above-mentioned international patent
application WO 2007/113478. Generally speaking, flex-
ure 600 improves the stability of the AF actuator, such
advantage being of particular relevance when the AF
module is controlled via the Hall sensor and magnet dis-
tance. In fact, small lateral displacements due to rotation
of the lens carrier 65 around the optical axis may induce
feedback errors, and the presence of flexure 600 pre-
vents such rotational displacements and improves the
AF performances.
[0031] Apart from the presence of the flexure, which is
anyway an optional element, the main difference be-
tween the first and second embodiment is the fact that
in the former (figures 1 and 2) the lens carrier protrusion
apex 21 is essentially located in the middle of one of the
housing faces, while in the latter (figures 6, 7 and 8) the
lens carrier protrusion apex 71 is located at one of the
corners of housing 62.
[0032] A preferred variant of the above-described sec-
ond embodiment, again with corresponding elements in-
dicated by correspondingly numbered references, envi-
sions the presence of two additional guide channels in
the two corners adjacent to the lens carrier protrusion for
a total of four guide channels, each containing rolling
spheres. This particular variant 90 is shown in figures 9
and 10 to have not only spheres 94 corresponding to
spheres 64, i.e. arranged on the sides of the lens carrier
protrusion 100, but also two other sets of spheres 94’
(only two spheres per set in the illustrated example) that
are located in opposite corner positions, always between
housing 92 and the lens carrier 95.
[0033] These spheres 94, 94’ are also shown in the
see-through view of figure 10 that shows also the lens
carrier protrusion apex 101 and the shape memory alloy
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wire 97 connected to terminals 98, 98’ located on two
opposite corners of housing 92, as well as the return
spring 93 received within the corner protrusion 100. It is
to be underlined that the variant shown in figures 9 and
10 is characterized by the spheres locations, whereas
the number of spheres per location as depicted and
shown in the figures is merely indicative.
[0034] It should be noted that apex 71, 101 could also
provide a slight offsetting of SMA wire 67, 97 perpendic-
ularly to the optical axis and radially outwards, same as
apex 31 in the variant of Fig.5, so as to put spheres 64,
94 in the best operating condition.
[0035] In a second aspect thereof the invention consist
in a control method for an AF actuator using spheres as
an aid for the sliding of the lens carrier in the housing,
and in particular in a control method comprising an ini-
tialization phase wherein the shape memory alloy wire
is activated to move the lens carrier to a first end position,
e.g. corresponding to the macro position, and then de-
activated to move the lens carrier to a second end posi-
tion, e.g. corresponding to the infinity position in the il-
lustrated embodiments.
[0036] This operation guarantees a reset of the AF ac-
tuator and ensures that the rolling spheres are in the best
starting position.
[0037] Figures 11 and 12 show an enlarged detail of
the AF actuator illustrated in figures 9 and 10, with
spheres 94 adjacent to the lens carrier protrusion 100 in
the infinity position (Fig. 11) and in the macro position
(Fig. 12). In figure 11 the end stop for the lower spheres
of the sets is the bottom plate 99, whereas in figure 12
the end stop for the upper spheres is housing 92.

Claims

1. A camera module autofocus actuator (10; 60; 90)
comprising:

- a housing (12; 62; 92),
- a movable lens carrier (15; 65; 95) having a
protrusion (20; 70; 100) with an apex (21; 71;
101) for lodging a shape memory alloy wire (17;
67; 97),
- a shape memory alloy wire (17; 67; 97),
- at least four rolling spheres (14; 64; 94, 94’),
- a bottom plate (19; 69; 99)
- two electric terminals (18; 68, 68’; 98, 98’) at a
different height with respect to said protrusion
apex (21; 71; 101),
- a return elastic element (13; 63; 93),

and in which camera module autofocus actuator (10;
60; 90):

- said bottom plate (19; 69; 99) and said housing
(12; 62; 92) are fixed to each other, defining an
autofocus main body,

- said two electric terminals (18; 68, 68’; 98, 98’)
are fixed onto said autofocus main body,
- said shape memory alloy wire (17; 67; 97) is
in contact with the lens carrier protrusion apex
(21; 71; 101) so as to exert a force on the mov-
able lens carrier (15; 65; 95) in a direction par-
allel to the optical axis thereof, and its extremi-
ties are locked to the two electric terminals (18;
68, 68’; 98, 98’) on the autofocus main body,
- the housing (12; 62; 92) and said movable lens
carrier (15; 65; 95) are aligned via at least two
side channels (100, 100’; 101, 101’) defining at
least two guide channels containing and holding
said rolling spheres (14; 64; 94, 94’),
- said return elastic element (13; 63; 93) is
mounted between the housing (12; 62; 92) and
the lens carrier (15; 65; 95),

characterized in that the return elastic element (13;
63; 93) exerts a force on the movable lens carrier
(15; 65; 95) only in a direction parallel to the optical
axis thereof, opposing the force of the shape memory
alloy wire (17; 67; 97) on the movable lens carrier
(15; 65; 95).

2. A camera module autofocus actuator (10) according
to claim 1, wherein said two electric terminals (18)
are located on the same face of the autofocus main
body.

3. A camera module autofocus actuator (60; 90) ac-
cording to claim 1, wherein said two electric terminals
(68, 68’; 98, 98’) are located on two adjacent faces
of the autofocus main body.

4. A camera module autofocus actuator (10; 60) ac-
cording to any of the previous claims, wherein the
number of guide channels is two.

5. A camera module autofocus actuator (90) according
to any of claims 1 to 3, wherein the number of guide
channels is four.

6. A camera module autofocus actuator (10; 60; 90)
according to any of the previous claims, further com-
prising a flexure (600) located between the housing
(12; 62; 92) and the movable lens carrier (15; 65; 95).

7. A camera module autofocus actuator (10; 60; 90)
according to any of the previous claims, wherein the
number of spheres (14; 64; 94, 94’) per guide chan-
nel is not higher than 5 and not lower than 2.

8. A camera module autofocus actuator (10; 60; 90)
according to any of the previous claims, wherein the
spheres (14; 64; 94, 94’) have a diameter comprised
between 30 and 150 mm, preferably between 40 and
60 mm.
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9. A camera module autofocus actuator (10) according
to any of the previous claims, wherein the return elas-
tic element is a leaf spring (13).

10. A camera module autofocus actuator (10) according
to claim 9, wherein said leaf spring (13) has rounded
contact points (131).

11. A camera module autofocus actuator (10; 60; 90)
according to any of the previous claims, further com-
prising a magnet (16; 66) fixed onto the movable lens
carrier (15; 65; 95) and a Hall sensor (192; 692) fixed
onto a Flexible Printed Circuit board (191; 691) fixed
to the housing (12; 62; 92).

12. A camera module autofocus actuator (10; 60; 90)
according to any of the previous claims, wherein the
shape memory alloy wire (17; 67; 97) is made of a
Ni-Ti alloy and has a diameter comprised between
10 and 50 mm.

13. A camera module autofocus actuator (10; 60; 90)
according to any of the previous claims, wherein the
movable lens carrier (15; 65; 95) has a protrusion
(30; 70; 100) with an apex (31; 71; 101) that provides
a slight offsetting perpendicularly to the optical axis
and radially outwards, thus moving the shape mem-
ory alloy wire median point far away from the optical
axis by a distance comprised between 0,3 mm and
1 mm.

14. Control method for a camera module autofocus ac-
tuator (10; 60; 90) according to any of the previous
claims, comprising an initialization phase wherein
the shape memory alloy wire (17; 67; 97) is activated
to move the movable lens carrier (15; 65; 95) to a
first end position and then deactivated to move the
lens carrier (15; 65; 95) to a second end position by
means of the return elastic element (13; 63; 93).

15. Control method according to claim 14, wherein the
position of the lens carrier (15; 65; 95) is determined
by a Flexible Printed Circuit board (191; 691) via a
Hall sensor (192; 692) and a magnet (16; 66).

16. Control method according to claim 14, wherein the
position of the lens carrier (15; 65; 95) is determined
by a resistance measurement of the shape memory
alloy wire (17; 67; 97).

Patentansprüche

1. Ein Kameramodul-Autofokusaktuator (10; 60; 90)
umfassend:

- ein Gehäuse (12; 62; 92),
- einen beweglichen Linsenträger (15; 65; 95)

aufweisend einen Vorsprung (20; 70; 100) mit
einer Spitze (21; 71; 101) zum Unterbringen ei-
nes Formgedächtnislegierungsdrahts (17; 67;
97),
- einen Formgedächtnislegierungsdraht (17; 67;
97),
- wenigstens vier Walzkugeln (14; 64, 94, 94’),
- eine Bodenplatte (19; 69; 99),
- zwei elektrische Anschlüsse (18; 68, 68’; 98,
98’) auf unterschiedlicher Höhe in Bezug auf der
genannten Vorsprungsspitze (21; 71; 101),
- ein elastisches Rückstellelement (13; 63; 93),

und in welchem Kameramodul-Autofokusaktuator
(10; 60; 90):

- die genannte Bodenplatte (19; 69; 99) und das
genannte Gehäuse (12; 62; 92) aneinander be-
festigt sind, einen Autofokushauptkörper defi-
nierend,
- die genannten zwei elektrischen Anschlüsse
(18; 68, 68’; 98, 98’) auf dem Autofokushaupt-
körper befestigt sind,
- der genannte Formgedächtnislegierungsdraht
(17; 67; 97) in Kontakt mit der Linsenträgervor-
sprungsspitze (21; 71; 101) ist, um auf den be-
weglichen Linsenträger (15; 65; 95) eine Kraft
in eine Richtung parallel zu der optischen Achse
davon auszuüben, und seine Enden an den zwei
elektrischen Anschlüssen (18; 68, 68’; 98, 98’)
auf dem Autofokus-Hauptkörper angeschlos-
sen sind,
- das Gehäuse (12; 62; 92) und der genannte
bewegliche Linsenträger (15; 65; 95) über we-
nigstens zwei Seitenkanäle (100, 100’; 101,
101’) ausgerichtet sind, wenigstens zwei Füh-
rungskanäle definierend, die die Walzkugeln
(14; 64; 94, 94’) enthalten und halten,
- das genannte elastische Rückstellelement (13;
63; 93) zwischen dem Gehäuse (12; 62; 92) und
dem Linsenträger (15; 65; 95) angebracht ist,

dadurch gekennzeichnet, dass
das elastische Rückstellelement (13; 63; 93) eine
Kraft auf den beweglichen Linsenträger (15; 65; 95)
nur in eine Richtung parallel zu der optischen Achse
davon ausübt, entgegenwirkend der Kraft des Form-
gedächtnislegierungsdrahts (17; 67; 97) auf dem be-
weglichen Linsenträger (15; 65; 95).

2. Ein Kameramodul-Autofokusaktuator (10) nach An-
spruch 1, wobei die genannten zwei elektrischen An-
schlüsse (18) auf derselben Seitenfläche des Auto-
fokushauptkörpers angeordnet sind.

3. Ein Kameramodul-Autofokusaktuator (60; 90) nach
Anspruch 1, wobei die genannten zwei elektrischen
Anschlüsse (68, 68’; 98, 98’) auf zwei benachbarten
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Seitenflächen des Autofokushauptkörpers angeord-
net sind.

4. Ein Kameramodul-Autofokusaktuator (10; 60) nach
einem der vorhergehenden Ansprüche, wobei die
Anzahl der Führungskanäle zwei ist.

5. Ein Kameramodul-Autofokusaktuator (90) nach ei-
nem der Ansprüche 1 bis 3, wobei die Anzahl der
Führungskanäle vier ist.

6. Ein Kameramodul-Autofokusaktuator (10; 60; 90)
nach einem der vorhergehenden Ansprüche, weiter
umfassend ein Biegeelement (600) angeordnet zwi-
schen dem Gehäuse (12; 62; 92) und dem beweg-
lichen Linsenträger (15; 65; 95).

7. Ein Kameramodul-Autofokusaktuator (10; 60; 90)
nach einem der vorhergehenden Ansprüche, wobei
die Anzahl der Kugeln (14; 64; 94, 94’) pro Führungs-
kanal nicht höher als 5 und nicht niedriger als 2 ist.

8. Ein Kameramodul-Autofokusaktuator (10; 60; 90)
nach einem der vorhergehenden Ansprüche, wobei
die Kugeln (14; 64, 94; 94’) einen Durchmesser zwi-
schen 30 und 150 mm, vorzugsweise zwischen 40
und 60 mm haben.

9. Ein Kameramodul-Autofokusaktuator (10) nach ei-
nem der vorhergehenden Ansprüche, wobei das
elastische Rückstellelement eine Blattfeder (13) ist.

10. Ein Kameramodul-Autofokusaktuator (10) nach An-
spruch 9, wobei die genannte Blattfeder (13) rundli-
che Kontaktpunkte (131) hat.

11. Ein Kameramodul-Autofokusaktuator (10; 60; 90)
nach einem der vorhergehenden Ansprüche, weiter
umfassend einen Magneten (16; 66), befestigt auf
dem beweglichen Linsenträger (15; 65; 95), und ei-
nen Hall-Sensor (192; 692), befestigt auf einer fle-
xiblen Leiterplatten (191; 691) befestigt an dem Ge-
häuse (12; 62; 92).

12. Ein Kameramodul-Autofokusaktuator (10; 60; 90)
nach einem der vorhergehenden Ansprüche, wobei
der Formgedächtnislegierungsdraht (17; 67; 97) aus
einer Ni-Ti-Legierung hergestellt ist und einen
Durchmesser zwischen 10 und 50 mm hat.

13. Ein Kameramodul-Autofokusaktuator (10; 60; 90)
nach einem der vorhergehenden Ansprüche, wobei
der beweglichen Linsenträger (15; 65; 95) einen Vor-
sprung (30; 70; 100) mit einer Spitze (31; 71; 101)
hat, der einen leichten Versatz senkrecht zur opti-
schen Achse und radial auswärts verschafft, da-
durch den Schwerpunkt des Formgedächtnislegie-
rungsdrahts weit weg von der optischen Achse um

eine Distanz zwischen 0,3 mm und 1 mm bewegend.

14. Steuerungsverfahren für einen Kameramodul-Auto-
fokusaktuator (10; 60; 90) nach einem der vorher-
gehenden Ansprüche, umfassend eine Initialisie-
rungsphase, wobei der Formgedächtnislegierungs-
draht (17; 67; 97) aktiviert wird, um den beweglichen
Linsenträger (15; 65; 95) zu einer ersten Endposition
zu bewegen, und dann deaktiviert wird, um den Lin-
senträger (15; 65; 95) mittels des elastischen Rück-
stellelements (13; 63; 93) zu einer zweiten Endpo-
sition zu bewegen.

15. Steuerungsverfahren nach Anspruch 14, wobei die
Position des Linsenträgers (15; 65; 95) durch die fle-
xible Leiterplatte (191; 691) über einen Hall-Sensor
(192; 692) und einen Magneten (16; 66) bestimmt
wird.

16. Steuerungsverfahren nach Anspruch 14, wobei die
Position des Linsenträgers (15; 65; 95) durch eine
Widerstandsmessung des Formgedächtnislegie-
rungsdrahts (17; 67; 97) bestimmt wird.

Revendications

1. Actionneur de mise au point automatique de module
de caméra (10 ; 60 ; 90) comprenant :

un boîtier (12 ; 62 ; 92),
un support de lentille mobile (15 ; 65 ; 95) ayant
une saillie (20 ; 70 ; 100) avec un sommet (21 ;
71 ; 101) pour loger un fil en alliage à mémoire
de forme (17 ; 67 ; 97),
un fil en alliage à mémoire de forme (17 ; 67 ;
97),
au moins quatre sphères roulantes (14 ; 64 ; 94,
94’),
une plaque inférieure (19 ; 69 ; 99),
deux bornes électriques (18 ; 68, 68’; 98, 98’) à
une hauteur différente par rapport audit sommet
de saillie (21 ; 71 ; 101),
un élément élastique de retour (13 ; 63 ; 93),
et dans lequel actionneur de mise au point auto-
matique de module de caméra (10 ; 60 ; 90) :

ladite plaque inférieure (19 ; 69 ; 99) et ledit
boîtier (12 ; 62 ; 92) sont fixes l’un par rap-
port à l’autre, définissant un corps principal
de mise au point automatique,
lesdites deux bornes électriques (18 ; 68,
68’ ; 98, 98’) sont fixées sur ledit corps prin-
cipal de mise au point automatique,
ledit fil en alliage à mémoire de forme (17 ;
67 ; 97) est en contact avec le sommet de
saillie de support de lentille (21 ; 71 ; 101)
afin d’exercer une force sur le support de
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lentille mobile (15 ; 65 ; 95) dans une direc-
tion parallèle à son axe optique, et ses ex-
trémités sont verrouillées sur les deux bor-
nes électriques (18 ; 68, 68’ ; 98, 98’) sur le
corps principal de mise au point automati-
que,
le boîtier (12 ; 62 ; 92) et ledit support de
lentille mobile (15 ; 65 ; 95) sont alignés via
au moins deux canaux latéraux (100, 100’;
101, 101’) définissant au moins deux ca-
naux de guidage contenant et maintenant
lesdites sphères roulantes (14 ; 64 ; 94,
94’),
ledit élément élastique de retour (13 ; 63 ;
93) est monté entre le boîtier (12 ; 62 ; 92)
et le support de lentille (15 ; 65 ; 95),
caractérisé en ce que l’élément élastique
de retour (13 ; 63 ; 93) exerce une force sur
le support de lentille mobile (15 ; 65 ; 95)
uniquement dans une direction parallèle à
son axe optique, s’opposant à la force du fil
en alliage à mémoire de forme (17 ; 67 ; 97)
sur le support de lentille mobile (15 ; 65 ;
95).

2. Actionneur de mise au point automatique de module
de caméra (10) selon la revendication 1, dans lequel
lesdites deux bornes électriques (18) sont position-
nées sur la même face du corps principal de mise
au point automatique.

3. Actionneur de mise au point automatique de module
de caméra (60 ; 90) selon la revendication 1, dans
lequel lesdites deux bornes électriques (68, 68’ ; 98,
98’) sont positionnées sur deux faces adjacentes du
corps principal de mise au point automatique.

4. Actionneur de mise au point automatique de module
de caméra (10 ; 60) selon l’une quelconque des re-
vendications précédentes, dans lequel le nombre de
canaux de guidage est de deux.

5. Actionneur de mise au point automatique de module
de caméra (90) selon l’une quelconque des reven-
dications 1 à 3, dans lequel le nombre de canaux de
guidage est de quatre.

6. Actionneur de mise au point automatique de module
de caméra (10 ; 60 ; 90) selon l’une quelconque des
revendications précédentes, comprenant en outre
une courbure (600) positionnée entre le boîtier (12 ;
62 ; 92) et le support de lentille mobile (15 ; 65 ; 95).

7. Actionneur de mise au point automatique de module
de caméra (10 ; 60 ; 90) selon l’une quelconque des
revendications précédentes, dans lequel le nombre
de sphères (14 ; 64 ; 94, 94’) par canal de guidage
n’est pas supérieur à 5 et non inférieur à 2.

8. Actionneur de mise au point automatique de module
de caméra (10 ; 60 ; 90) selon l’une quelconque des
revendications précédentes, dans lequel les sphè-
res (14 ; 64 ; 94, 94’) ont un diamètre compris entre
30 et 150 mm, de préférence entre 40 et 60 mm.

9. Actionneur de mise au point automatique de module
de caméra (10) selon l’une quelconque des reven-
dications précédentes, dans lequel l’élément élasti-
que de retour est un ressort à lames (13).

10. Actionneur de mise au point automatique de module
de caméra (10) selon la revendication 9, dans lequel
ledit ressort à lames (13) a des points de contact
arrondis (131).

11. Actionneur de mise au point automatique de module
de caméra (10 ; 60 ; 90) selon l’une quelconque des
revendications précédentes, comprenant en outre
un aimant (16 ; 66) fixé sur le support de lentille mo-
bile (15 ; 65 ; 95) et un capteur à effet Hall (192 ;
692) fixé sur la carte de circuit imprimé flexible (191 ;
691) fixée sur le boîtier (12 ; 62 ; 92).

12. Actionneur de mise au point automatique de module
de caméra (10 ; 60 ; 90) selon l’une quelconque des
revendications précédentes, dans lequel le fil en al-
liage à mémoire de forme (17 ; 67 ; 97) est réalisé
avec un alliage de Ni-Ti et a un diamètre compris
entre 10 et 50 mm.

13. Actionneur de mise au point automatique de module
de caméra (10 ; 60 ; 90) selon l’une quelconque des
revendications précédentes, dans lequel le support
de lentille mobile (15 ; 65 ; 95) a une saillie (30 ; 70 ;
100) avec un sommet (31 ; 71 ; 101) qui fournit un
léger décalage perpendiculairement à l’axe optique
et radialement vers l’extérieur, déplaçant ainsi le
point médian du fil en alliage à mémoire de forme à
distance de l’axe optique selon une distance com-
prise entre 0,3 mm et 1 mm.

14. Procédé de commande pour un actionneur de mise
au point automatique de module de caméra (10 ; 60 ;
90) selon l’une quelconque des revendications pré-
cédentes, comprenant une phase d’initialisation
dans laquelle le fil en alliage à mémoire de forme
(17 ; 67 ; 97) est activé pour faire passer le support
de lentille mobile (15 ; 65 ; 95) dans une première
position d’extrémité et ensuite désactivé pour faire
passer le support de lentille (15 ; 65 ; 95) dans une
seconde position d’extrémité au moyen de l’élément
élastique de retour (13 ; 63 ; 93).

15. Procédé de commande selon la revendication 14,
dans lequel la position du support de lentille (15 ;
65 ; 95) est déterminée par une carte de circuit im-
primé flexible (191 ; 691) via un capteur à effet Hall
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(192 ; 692) et un aimant (16 ; 66).

16. Procédé de commande selon la revendication 14,
dans lequel la position du support de lentille (15 ;
65 ; 95) est déterminée par une mesure de résistan-
ce du fil en alliage à mémoire de forme (17 ; 67 ; 97).
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